Introduction
Langmuir probes (LPs) are extensively used in the boundary of fusion devices providing most of the data on the local electron temperature, potential and plasma density. They allow the simultaneous determination of several plasma parameters with high spatial and temporal resolution justifying its continued use, particularly for turbulent transport studies. Density and plasma potential fluctuations are typically evaluated from the ion saturation current and floating potential, respectively, neglecting the influence of the electron temperature fluctuations. This approach is often questioned as the properties of the floating and plasma potential fluctuations appear to be significantly different [1] [2] [3] [4] [5] . Recently, ball-pen probes (BPPs) were found to be well-suited for routine measurements of the plasma potential in the edge plasma of fusion devices [3, 5] .
This work aims at comparing the fluctuations properties measured by Langmuir and ball-pen probes, including the cross-field turbulent particle flux that should be more accurately estimated with BPPs. Different probe systems combining LP and BPPs has been developed on ISTTOK to simultaneously measure the floating and plasma potential, permitting also the determination of the turbulent particle flux using both types of probes.
Experimental set-up
Three probe systems were used in this work that are illustrated in figure 1 : (a) a single ballpen probe with a movable conductor of 4 mm in diameter covered by a boron nitride tube with an outer diameter of 7 mm (figure 1a); (b) a 3-pin probe head consisting of one cylindrical pin (with a diameter of 0.75 mm and an exposed length of 2.5 mm) and two ballpen type probes (poloidally separated by 7 mm), each with a conductor of 3 mm in diameter recessed by 1 mm with respected to the probe surface ( figure 1b) ; (c) a poloidal array of 9 pins separated by 2 mm, with the central pin measuring the ion saturation current, I sat , and the remaining measuring the floating potential, V f . Probes b) and c) permit the determination of the turbulent particle flux that is usually estimated using 
Experimental results

BPP I -V Characteristic
Ideally, the ratio of the ion to electron currents of the BPP should be approximately one so that the probe floats at the plasma potential. Figure 2 shows the BPP I-V characteristic for two discharges. The ratio of the probe currents is experimentally observed to be in the range 1 -2.5, although a ratio of one is rarely observed. This means that in general the BPP will not float at the plasma potential but up to ~T e /e below that value. For a H + plasma with T e  T i
LPs should float at ~3T e /e below the plasma potential and consequently it is expected that the potential measured by the BPP is typically 2T e /e above the floating potential measured by a LP.
Comparison of the floating potential measured by Langmuir and ball-pen probes
The floating potential estimated simultaneously by LP (V f LP ) and BPP (V f BPP ) using the 3-pin probe have been compared. As illustrated in figure 3a , that shows the temporal evolution of the floating potential fluctuations measured by both type of probes, the amplitude of the fluctuations in V f LP is clearly larger than that in V f BPP , confirming that BPP measurements are less affected by the temperature fluctuations. It should be noted, however, that the temporal evolution of the two signals is similar and that fluctuations are roughly in phase as confirmed by cross-correlation between them. Results suggest that temperature and plasma potential fluctuations are in phase opposition so that V f = V p -3T e is in phase with V p . Figure 3b shows the frequency spectra of the floating potential measured by both type of probes indicating that V f LP fluctuations are larger across most of the spectra but particularly at high frequencies (f > 100 kHz). Langmuir probe potential signals have therefore a higher average frequency and consequently a lower auto-correlation time. 
Radial Profiles
The radial profiles of different plasma quantities measured by the two types of probes have been compared with results illustrated in figure 4 . As expected, the floating potential measured by the BPP is larger than that measured by the LP. This potential difference can be used to estimate the electron temperature using the relation T e  (V f BPP -V f LP )/2. Also shown is the temperature estimated from the standard swept LP that is 5 to 10 eV above the value measured with the BPP. It should be noted that the T e obtained in the SOL by the BPP (around 1 eV) seems to be unrealistically low, although no other diagnostic exists to validate the measurements. This is an intriguing result as the ion to electron saturation current ratio observed in the SOL is low (about 2) and therefore the BPP measurements appear to be valid.
The amplitude of the potential and poloidal electric field fluctuations are in general smaller 
Conclusions
ISTTOK results indicate that the amplitude of the floating potential fluctuations measured by Langmuir probes is larger than that measured by ball-pen probes, confirming that the latter measurements are less affected by the temperature fluctuations. Furthermore, the turbulent particle flux measured using BPPs was also found to be up to 2.5 times larger in the region just inside the LCFS when measured with LPs. However, properties of the potential fluctuations such as the PDF and the spectra are not significantly different when measured by LP and BPP. Further work is required for instance to clarify the differences in the electron temperature obtained from the two methods, particularly in SOL, and for a wider validation of the Langmuir and Ball-pen probe measurements.
